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(54) Pneumatic radial tires 

(57) A pneumatic radial tire, in particular a heavy du- 
ty pneumatic radial tire, comprises a radial carcass (1 ) 
and a belt (3) superimposed about an outer periphery 
of the carcass and comprised of at least three rubber- 
ized cord layers (3-1, 3-2, 3-3), cords of two adjacent 
layers (3-2, 3-3) among said layers being crossed with 
each other at an acute cord angle with respect to an 
equatorial plane (E) of the tire to form cross cord layers, 



in which a narrow width cord layer (3-3) among the cross 
cord layers is provided with an end cover rubber (4) hav- 
ing a particular 1 00% modulus larger than that of a coat- 
ing rubber for the narrow-width cord layer (3-3), and a 
space cushion rubber (5) having a particular 1 00% mod- 
ulus smaller than that of a coating rubber for each of the 
cross cord layers, and controls the crack growth at the 
end of the cord layer in the belt to improve the separation 
resistance and hence provide a long service life. 
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This invention relates to a heavy duty pneumatic radial tire, and more particularly to a heavy duly pneumatic radial 
tire for use in truck and bus in which cracks liable to be created at an end portion of a cord layer in a belt and growth 
s thereof are controlled at minimum to favorably suppress the occurrence of separation failure due to the crack growth 
when the tire is applied to a heavy duty vehicle such as truck and bus. 

It is well-known that as the running distance of the pneumatic radial tire mounted onto the heavy duty vehicle such 
as small-large size truck and bus increases, cracks are created at a cord end of a narrow-width cord layer in cross 
cord layers having different widths, cords of which layers being crossed with each other at a relatively small cord angle 

io with respect to an equatorial plane of the tire, among plural cord layers constituting the belt. The crack initially created 
is minute like "pecking" of the cord end, but such a minute crack grows to a big crack along the cord as the running 
distance of the tire increases. When the crack growth progresses in a certain extent, the front end of the crack grows 
toward a cord end of the adjoining cord and finally cracks are connected to each other over substantially a full periphery 
of the cord layer along a side edge of the cord layer. If the crack growth is advanced to this stage, a running time is 

*5 not taken so much until the separation failure is created between the cross cord layers. 

Accordingly, a period ranging from the occurrence of minute crack at the cord end to the growth of connected crack 
along the side edge of the cord layer on its periphery controls a service life of the tire through belt separation failure. 
For this end, there are proposed various improving structures of the tire aiming at the prolongation of tire running time 
(running distance) though the connection of cracks is unavoidable. 

20 As the improving structure, JP-A-4-1 83605 proposes a heavy duty pneumatic radial tire wherein a cushion rubb r 

is arranged between end portions of second and third cross steel cord layers counted from a side of a carcass in a 
b It comprised of 3 to 4 steel cord layers and an upper side of an end portion of the third layer is covered with a rubb r 
layer having a thickness of not less than 1 .5 mm so as to overlap over a distance of not less than 20 mm from the end 
of the layer and the rubber layer is made from rubber having a Jl S hardness of 65-75 and a modulus at 300% elongation 

25 of 130-200 kgf/cm 2 . 

Furthermore, JP-A-4-252705 discloses a heavy duty pneumatic radial tire wherein a belt edge cushion rubber is 
interposed between end portions of two cross steel cord layers in a belt comprised of four steel cord layers and such 
end portion is covered with a rubber sheet having a thickness of 1 .0-3.0 mm and 50% modulus of the rubber sheet is 
smaller than that of a coating rubber for the steel cord layer but larger that that of a base tread rubber Moreover, JP- 

30 A-6-320906 proposes a heavy duty pneumatic radial tire wherein a belt comprised of four steel cord layers is arranged 
between a base tread rubber of low modulus and a carcass and a cushion rubber is disposed between end portions 
of second and third cross cord layers counted from a side of the carcass and the end portion is covered with a rubber 
sheet having a thickness of 0.8-3.3 mm likewise the case of JP-A-4-252705 and further the rubber sheet has a JIS 
hardness lower than those of rubber for the second and third cord layers and 50% modulus larger than that of the base 

35 tread rubber. 

However, the effect of sufficiently controlling the crack growth under severe service conditions of heavy loading, 
running speed and the like can not be attained even by any improving structure of the belt described in these articles, 
so that the belt separation failure is naturally liable to be caused even in these new tires. Therefore, even if the tire is 
recapped, it is obliged to prematurely create such a failure. Although this type of the heavy duty pneumatic radial tir 

<*o particularly tends to be important in the recapping adaptability, even when the above new tire is completely run, the 
occurrence of the big crack unsuitable for the recapping is frequently observed at the end portion of the belt. Therefore, 
it is demanded to more improve the crack resistance and resistance to crack growth at the end portion of the belt and 
hence considerably improve the resistance to belt separation. 

It is, therefore, an object of the invention to provide a heavy duty pneumatic radial tire having an excellent long 

45 service life in which the crack resistance and resistance to crack growth at the end portion of the cord layer constituting 
the belt, particularly narrow-width cord layer in cross cord layers are sufficiently enhanced even under severer service 
conditions of the tire while sufficiently maintaining the rigidity-strengthening function inherent to the belt of the radial 
tire to thereby highly improve the resistance to separation in a new tire and a|so improve the recapping adaptability. 
According to a first aspect of the invention, there is the provision of a heavy duty pneumatic radial tire comprising 

50 a radial carcass toroidally extending between a pair of bead cores embedded in a pair of bead portions and a beit 
superimposed about an outer periphery of the carcass to reinforce a tread portion and comprised of at least three 
rubberized cord layers, cords of two adjacent layers among these layers being crossed with each other at an acute 
cord angle with respect to an equatorial plane of the tire to form cross cord layers, in which an outer cord layer of the 
cross cord layers in a radial direction of the tire has a width narrower than that of an inner cord layer, and such a narrow- 

55 width cord layer is provided at its end portion with an end cover rubber covering the end portion and having a 100% 
modulus larger than that of a coating rubber for the narrow-width cord layer, and a space cushion rubber having a 
100% modulus smaller than that of a coating rubber for each of the cross cord layers is disposed between the end 
portions of the cross cord layers so as to separate these end portions from each other exceeding the thickness of the 
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end cover rubber. ' 

In the first aspect, the position relation of the cross cord layers among the cord layers constituting the belt with 
respect to the radial carcass is not particularly critical, but it is desirable that the cross cord layers are second and third 
layers or third and fourth layers counted from a side of the radial carcass. Further, the end cover rubber indicates a 
s sheet-shaped rubber covering each of the end portions of the narrow-width cord layer from both surfaces thereof in 
the radial direction of the tire otherwise specified. And also, the space cushion rubber is a rubber layer taperingly 
extending from an end of the narrow-width cord layer or the end cover rubber toward inside and outside of the tire. 
Moreover, the term "100% modulus" used herein means a tensile stress at 100% elongation (kgf/cm 2 ) measured ac- 
cording to a tensile test method of a vulcanized rubber defined in JIS K-6251 (1 993). 
10 in a preferable embodiment of the first aspect, the end cover rubber has the 100% modulus larger by at least 1 .2 

times than that of the coating rubber for the narrow-width cord layer, and the space cushion rubber has the 100% 
modulus smaller by at least 0.95 times than that of the coating rubber for the cross cord layers. 

In another preferable embodiment of the first aspect, the 1 00% modulus (M 5 ) (kgf/cm 2 ) of the space cushion rubber 
satisfies a relationship of M 5 ^M X - (M 4 - M x ) x (G 4E /G 5E ) with respect to 100% modulus (M 4 ) (kgf/cm 2 ) of the end cover 
15 rubber, 100% modulus (M x ) (kgf/cm 2 ) of the coating rubber for the cross cord layers, gauge (G 4E ) (mm) of the end 
cover rubber at the inside of the end of the narrow-width outer cord layer in the radial direction of the tire and gauge 
(G 5E ) (mm) of the space cushion rubber existing on a vertical line drawn from an inner end of the narrow^width cord 
layer in the radial direction of the tire to the inner cord layer of the cross cord layers. 

In the other preferable embodiment of the first aspect, a width w (mm) of the end cover rubber at least located at 
20 the inside thereof in the radial direction of the tire satisfies a relationship of w^(50 mm/N) x sin 6 with respect to an 
inclination angle 6 defined between a normal line drawn from a corner of any cord end in the narrow-width cord layer 
at its developed plane view to a center axis line of a cord adjacent thereto and a straight line passing through cord 
ends of this layer and an end count N of the narrow-width cord layer per 50 mm as measured in a direction perpendicular 
to the cords of the layer, and an inner end of the end cover rubber having the width w in the width wise direction of th 
25 belt is located in a region of arranging the space cushion rubber. 

In a further preferable embodiment of the first aspect, the end cover rubber covers the surface of the end portion 
of the narrow-width cord layer facing to the space cushion rubber and extends over this end portion toward the outside 
of the tire. This can be said to be simple as compared with the end cover rubber defined in the aforementioned preferable 
embodiments. 

30 According to a second aspect of the invention, there is the provision of a heavy duty pneumatic radial tire comprising 

a radial carcass toroidally extending between a pair of bead cores embedded in a pair of bead portions and a belt 
superimposed about an outer periphery of the carcass to reinforce a tread portion and comprised of at least three 
rubberized cord layers, cords of two adjacent layers among these layers being crossed with each other at an acute 
cord angle with respect to an equatorial plane of the tire to form cross cord layers, in which an outer cord layer of the 

35 cross cord layers in a radial direction of the tire has a width narrower than that of an inner cord layer, and such a narrow- 
width cord layer is provided at its end portion with a double end cover rubber covering the end portion and comprised 
of an outer rubber and an inner rubber having different compositions, and the outer rubber has a 100% modulus larger 
than that of the inner rubber, and the inner rubber has a 100% modulus larger than that of a coating rubber for the 
narrow-width cord layer. 

40 This double end cover rubber is a sheet-shaped rubber covering each of the end portions of the narrow-width cord 

layer from inside toward outside in the radial direction of the tire likewise the first aspect of the invention otherwise 
specified. 

According to a third aspect of the invention, there is the provision of a heavy duty pneumatic radial tire comprising 
a radial carcass toroidally extending between a pair of bead cores embedded in a pair of bead portions and a belt 

45 superimposed about an outer periphery of the carcass to reinforce a tread portion and comprised of at least three 
rubberized cord layers, cords of two adjacent layers among these layers being crossed with each other at an acute 
cord angle with respect to an equatorial plane of the tire to form cross cord layers, in which an outer cord layer of the 
cross cord layers in a radial direction of the tire has a width narrower than that of an inner cord layer, and such a narrow- 
width cord layer is provided with an end cover rubber covering each of the end portions of this layer, and at least one 

so of outer portion and inner portion of the end cover rubber in the radial direction of the tire forms a wavy form in a 
direction perpendicular to the cords arranged in the narrow-width cord layer, and a height between a bottom and a 
peak of the wavy surface is within a range of 0.05-0.25 mm. 

In this case, the peak of the wavy form substantially corresponds with the position of the central axis line of the 
cord embedded in the narrow-width cord layer, while the bottom of the wavy form substantially corresponds with a 

55 central position between mutual adjoining cords. Moreover, an amplitude of the wavy surface in the end cover rubber 
is preferable to b within a range of 0.07-0.20 mm. - : • 

According to a fourth aspect of the invention, there is the provision of a heavy duty pneumatic radial tire comprising 
a radial carcass toroidally extending between a pair of bead cores embedded in a pair of bead portions and a belt 



3 
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superimposed about an outer periphery of the carcass to reinforce a tread portion and comorised of »t ,u 
rubbenz d cord .ayers, cords of two adjacent .ayers among these layers being c^SZ^^!££Z 
cord angle w,th respect to an equatorial plane of the tire to form cross cord layers, in which an outer^ord fever of .h* 
cross cord layers .n a radial direction of the tire has a width narrower than that o an inner cord InwT 
cord layers are provided with a space cushion rubber separating end port ons oHhese ^^SSJS^S^ 
end of the narrow-w.dth cord layertoward the outside of the tire, and the space cushion rubbed Ta ntoTc^Z 
compnsed of an inner rubber extending so as to separate the end portions of the ta^iS^V^^!^ 
rubber extending , from the inner rubber toward the outside of the tire and having at Lst two afferent rubber cZ2 

rubberized cord layers, cords of two adjacent layers among these layers being crossed with VachotheT* ^ Tr,2 
cord angle wrth respect to an equators, plane of the tire to form cross cord layers in tZtiZ 

width S 3 "?! dir t Cti ° n °' *° ,ire h3S 3 Wid,h ™ °< -neT^ t^SSSJSL^ 

width cord layer is provided wrth a space rubber covering an outer peripheral surface sideof an end p^rt^ of the Lver 

If the end cover rubber is not provided on the end portion of the narrow-width cord layer the soace rubber i fi 

kk C ° ntaCt ^ f 0 *™' Whi,e * the end cover - bb - - P«*S5 - the^nd p^ 5 

the layer, the space rubber is arranged so as to directly contact with the outer periphery of the end cover S£? to 

* ,0 °* m0dU ' US Smalter lhal °< a rubbenr^™, t« * * 

According to a seventh aspect of the invention, there is the provision of a heavy duty pneumatic radial tir* m m 

sms^T T^r toroidal,y extendin9 between a ^ ° f bead ««• embed ^ ^Sr^sstss; 

rubberS^^ m TT ° f ^ oarea " t0 rein,orce a tread P° rtto " «nd^*£>E^^ 

M JUS"*? 1 "t"! 5 " tB ° 00 ~ l **« »">»•« «»8W'y P'otmd« from Ihe coming rubber at an unvuloanteed 
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The first to seventh aspects dev lop the effect of attaining the object of the invention individually, but may be 
adequately and freely combined in accordance with the severity of service conditions. 

In order to favorably support the effect of attaining the object of the invention, it is desirable that a belt under- 
cushion rubber is disposed between the carcass and an end portion of the cord layer located close to the carcass and 
s has a 100% modulus corresponding to 0.3-0.7 times the 1 00% modulus of a coating rubber for this cord layer, or that 
either organic fiber cord or steel cord is applied to the narrow-width cord layer among the cross cord layers and the 
distance between the cords in a given end count is unequal. 

The invention will be described with reference to the accompanying drawings, wherein: 

10 Fig. 1 is a left-half section view of a main part of a first embodiment of the heavy duty pneumatic radial tire according 

to the invention; 

Fig. 2 is a partly enlarged view of the main part shown in Fig. 1 ; 

Fig. 3 is a partly developed perspective view illustrating a group of cords arranged in a narrow-width cord layer; 
Fig. 4 is a left-half section view of a main part of a second embodiment of the heavy duty pneumatic radial tire 
is according to the invention; 

Fig. 5 is a left-half section view of a main part of a third embodiment of the heavy duty pneumatic radial tire according 
to the invention; 

Fig. 6 is an enlargedly schematic section view in a direction perpendicular to cords arranged in an end portion of 
the narrow-width cord layer; 

20 Fig. 7 is a left-half section view of a main part of a fourth embodiment of the heavy duty pneumatic radial tir 

according to the invention; 

Fig. 8 is a left-half section view of a main part of a fifth embodiment of the heavy duty pneumatic radial tire according 
to the invention; 

Fig. 9 is a left-half section view of a main part of a sixth embodiment of the heavy duty pneumatic radial tir 
25 according to the invention 

Fig. 10 is a left-half section view of a main part of a seventh embodiment of the heavy duty pneumatic radial tir 
according to the invention; 

Fig. 11 is a partly developed view illustrating a group of cords arranged in another narrow-width cord layer; 
Fig. 12 is a partly schematic section view perpendicular to a direction of arranging cords in the narrow-width cord 
30 layer; 

Fig. 13 is a schematic view illustrating a shearing strain acting to cord ends; 

Fig. 14 is a graph showing a relation among crack length, rolling resistance and modulus ratio; and 

Fig. 15 is a schematic view illustrating cracks created at a cord end portion of a narrow-width cord layer. 

35 in the embodiments of Figs. 1 f 4, 5 and 7-10 showing left-half sections of their main parts with respect to an 

equatorial plane E of the tire, a radial carcass 1 toroidally extends between a pair of bead cores (not shown) embedded 
in a pair of bead portions (not shown) and is provided on its outer periphery with a belt 3 reinforcing a tread portion 2. 
Moreover, a tread rubber 2t shown in each of the above embodiments has a two-layer structure of a cap rubber 2tc 
and a base rubber 2tb. 

40 The belt 3 is comprised of at least three rubberized cord layers. In the illustrated embodiments, the belt 3 is com- 

prised of four rubberized cord layers 3-1 , 3-2, 3-3 and 3-4 viewed from the side of the radial carcass 1 in order. Among 
these cord layers 3-1 to 3-4, two adjoining cord layers 3-2 and 3-3 form cross cord layers in which cords of the two 
layers are crossed with each other at an acute angle of not more than 90° defined between the cords of the layers with 
respect to the equatorial plane E of the tire. The cross cord angle is preferably within a range of 30-50° in order to 

45 satisfactorily develop the function of the belt 3. In other words, it is desirable that the cords in each of the cross cord 
layers 3-2 and 3-3 are inclined at an angle of 15-25° with respect to the equatorial plane E. Although one set of the 
cross cord layers is existent in each of the above embodiments, the belt 3 may include two or more sets of the cross 
cord layers. 

As to the belt 3 having the above structure, the width of the cord layer 3-3 located outward in the radial direction 
so of the tire among the cross cord layers 3-2 and 3-3 is narrowerthan that of the cord layer 3-2, so that ends of the cross 
cord layers 3-2 and 3-3 form a step difference as sectionally shown in each drawing. Moreover, the width of each of 
the cord layers constituting the belt is substantially divided into equal parts with respect to the equatorial plane E. 
The invention will be described below with reference to the embodiments of Figs. 1-4. 

In Figs. 1 and 2, the narrow-width cord layer 3-3 is provided with an end cover rubber 4 covering the end portion 
55 of the layer. The end cover rubber 4 shown in Figs. 1 and 2 covers the nd portion of the layer 3-3 over a region ranging 
from an inner surface in the radial direction of the tire through the end to an outer surface thereof. On the other hand,, 
the end cover rubber 4 shown in Fig. 4 covers only the inner surface of the end portion in the radial direction' 1 

The end cover rubber 4 is necessary to have a 100% modulus Mi (kgf/cm^) larger than a 1 00% modulus Mx' of a 
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coating rubber for the narrow-width cord layer 3-3. Concretely, it is d sirable that the 100% modulus M 4 is within a 
range of 1 .2-4.0 times the 1 00% modulus Mx' of the coating rubber for the narrow-width cord layer 

In each of the above embodiments, the cross cord layers 3-2 and 3-3 are provided with a space cushion rubber 5 . 
separating end portions of these layers from each other exceeding a thickness t of the end cover rubber 4. The space 

5 cushion rubber 5 is necessary to have a 100% modulus M 5 smaller than a 100% modulus Mx of a coating rubber for 
the cross cord layers 3-2 and 3-3. Concretely, it is desirable that the 100% modulus M 5 is within a range of not more 
than 0.95 times, preferably 0.5-0.9 times the 1 00% modulus Mx of the coating rubber for the cross cord layers 3-2 and 
3-3. Moreover, if the belt includes two or more sets of the cross cord layers, the end cover rubber 4 and the space 
cushion rubber 5 are applied to a narrow-width cord layer having at least a maximum width among the narrow-width 

io cord layers. 

Referring to Fig. 2, it is advantageous that the 100% modulus M 5 of the space cushion rubber 5 satisfies a rela- 
tionship of M 5 ^Mx - (M 4 - Mx) x (G 4E /G 5E ,) with respect to inner gauge G 4E of the end cover rubber 4 at the end of 
the narrow-width cord layer 3-3 in the radial direction, a gauge G 5E of the space cushion rubber 5 existing on a vertical 
line VL drawn from the end of the layer 3-3 to the inner cord layer 3-2 in the cross cord layers, 100% modulus M4 of 

is the end cover rubber 4 and 100% modulus Mx of the coating rubber for the cross cord layers 3-2 and 3-3. 

Referring to Fig. 3, both corners of each cord end C 3E in a group of cords C 3 (only three cords show in Fig. 3) 
arranged in the narrow-width cord layer 3-3 form obtuse angle and acute angle in its developed plane view, and each 
cord end C 3E substantially locates on a straight line EL It is desirable that the width wof the end cover rubber 4 satisfies 
a relationship of w^ (50 mm/N) x sin 6 with respect to an inclination angle e defined between a normal line HL drawn 

20 from any one corner of a cord end C 3E of a certain cord C 3 to a center axis line X 3 of another cord C 3 adjacent thereto 
and the straight line EL and an end count N of cords C 3 per 50 mm as measured in a direction of the normal line HL. 
However, the end of the end cover rubber 4 having the width w inside the tire is terminated in a region of arranging the 
space cushion rubber 5. Moreover, symbol Rc is a coating rubber for the cord C 3 in the narrow-width cord layer 3-3. 
The invention will be described below with reference to the embodiments of Figs. 5 and 6. 

25 In the embodiment of Fig. 5, the end portion of the narrow-width cord layer 3-3 is covered with a double end cover 

rubber 14 comprised of an inner end cover rubber 14i and an outer end cover rubber 14o having different rubb r 
compositions. In this case, the outer end cover rubber 14o has a 100% modulus M,^ larger than a 100% modulus 
M 14i of the inner end cover rubber 1 4i. In fact, both moduli satisfy M 14o = (1 .2 - 4.0) x M 14j . Furthermore, the relationship 
of the aforementioned width w is applicable to a maximum width w max of the double end cover rubber 14. 

30 Although the space cushion rubber is not arranged in the embodiment of Fig. 5, a stress-releasing rubber may be 

arranged likewise the case of Fig. 1. Moreover, it is desirable that the 100% moduli M 14i and M 14o of the inner and 
outer end cover rubbers and 100% modulus Mx of the coating rubber for the cross cord layers 3-2 and 3-3 satisfy a 
relationship of (M 14 /Mx) = 1.0-1.3 within a range of (M 14o /M 14i ) = 1 .2 4.0. 

In Fig. 6 is enlargedly shown a section of the end portion of the narrow-width cord layer 3-3 in a direction perpen- 

55 dicular to the cords C 3 of this layer As seen from Fig. 6, an end cover rubber 24 forms a wave at least at one of inner 
and outer sides in the radial direction (both sides in the illustrated embodiment). A height H between bottom and peak 
of the wavy form is within a range of 0.05-0.25 mm, preferably 0.07-0.20 mm. This peculiar wave can be formed by 
pressing a rubberized uncured cord layer from both sides thereof by means of a comb roll similar to a comb roll for 
aligning many cords just before the coating with rubber in the production of an uncured starting member for the narrow- 

40 width cord layer through a calender roll, or by thinning a gauge of an uncured coating rubber as far as possible. In the 
latter method, however, the gauge of the coating rubber is too thin and hence the cord may be exposed from the coating 
rubber to cause an adhesion breakage in the exposed cord portion, so that the gauge of the coating rubber should be 
restricted to an extent that the cord is not exposed from the coating rubber. 

The invention will be described below with reference to the embodiments of Figs. 7-10. 

45 a space cushion rubber 6 shown in Fig. 7 separates the end portions of the cross cord layers 3-2 and 3-3 from 

each other and extends from the end of the narrow-width cord layer 3-3 toward the outside of the tire likewise the case 
of Fig. 1 . However, the space cushion rubber 6 is a rubber composite comprised of an inner rubber 6i for separating 
the end portions of the cross cord layers 3-2 and 3-3 from each other and an outer rubber 6u extending from the inner 
rubber 6i toward the outside of the tire and having at least two different rubber compositions, which is entirely different 

so from the case of Fig. 1 . 

Even when the end cover rubber is applied to the narrow-width cord layer, the inner rubber 6i and outer rubber 6u 
always satisfy the above position relation. When 100% moduli of the inner rubber 6i and the outer rubber 6u are M6i 
and M6u, it is necessary that the 100% moduli M6i and M6u and 100% modulus Mx' of the coating rubber lor the 
narrow-width cord lay r 3-3 satisfy a relationship of M6u<M6i^Mx\ In fact, it is preferable that (M6u/M6i) is within a 

ss range of 0,5-0.9 and (MSi/Mx 1 ) is within a range of 0.9-1.0. Moreover, a partition fac P between the inner rubb r 6i 
and the * outer rubber 6u may be inclined inward or outward from the 

, ln Pi? emb^imerit of Fig. 8, toe harrow-width cord layer 3-3 is provided with a space rubber^ 7 covering the end 
portion of this layer from its outer periphery side, which is arranged so as to project outward from the end of the narrow- 
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width cord layer 3-3 in the widthwise direction of the belt 3.' In this case, however, the projected portion of the space 
rubber is located outward in the radial direction from an extrapolated xtending surface Ep of an outer surface of the 
narrow-width cord layer 3-3 extended outward at a given curvature in the widthwise direction of the belt 3. 

Although the end cover rubber 4 and the space cushion rubber 5 are arranged together in the embodiment of Fig. 
5 8, only the space rubber 7 may be arranged so as to directly contact with the surface of the end portion of the narrow- 
width cord layer 3-3 without the arrangement of the rubbers 4 and 5. Moreover, the space rubber 7 is required to have 
a 100% modulus M 7 larger than the 100% modulus Mx' of the coating rubber for the narrow-width cord layer 3-3. 
Concretely it is desirable that the 1 00% modulus M 7 is within a range of 1 .2-4.0 times the 1 00% modulus Mx'. 

In the embodiment of Fig. 9, the cross cord layers 3-2 and 3-3 are provided with a side space rubber 8 extending 
10 between the ends of these layers in addition to the end cover rubber 4 and the space cushion rubber 5. In the illustrated 
embodiment, the side space rubber 8 extends inward over an end of the cord layer 3-2 in the radial direction of the 
tire. The side space rubber 8 is necessary to have a 100% modulus M 8 smaller than the 100% modulus Mx of the 
coating rubber for the cross cord layers 3-2 and 3-3. Concretely, it is desirable that the 100% modulus M s is within a 
range of 0.5-0.9 times the 100% modulus Mx. Moreover, only the side space rubber 8 may be applied to the ends of 
is the cross cord layers 3-2 and 3-3 without the arrangement of the rubbers 4 and 5 likewise the case of Fig. 8. 

The embodiments of Figs. 1 -9 are effective to attain the object of the invention individually or under a dependent 
relation thereto, but they may freely combined in accordance with the severity of service conditions. An example of 
such a combination is shown in Fig. 10. In the tire of Fig. 10, the end cover rubber 4 is provided on the narrow-width 
cord layer 3-3, and the rubber composite comprised of the inner rubber 6i and the outer rubber 6u is provided as the 
20 space cushion rubber 6 arranged between the end portions of the cross cord layers 3-2 and 3-3, and the space rubber 
7 is provided on the outer surface of the end cover rubber 4 in the radial direction, and the side space rubber 8 is 
arranged so as to extend between the ends of the cross cord layers 3-2 and 3-3. 

Fig. 11 is a partly developed view of an end portion of a narrow-width cord layer 3-3 shown in accordance with 
Fig. 3, in which cord ends C 3E in a group of cords C 3 (shown by dotted lines) arranged in the layer are existent sub- 
2S stantially on a straight line EL and a coating rubber Rc for the cord C3 extends over each cord end C 3B to an end 3-3e. 
It is required that a distance from the cord end C 3E to the end 3-3e is within a range of 0.05-0.70 mm, desirably 0. 1 0-0.50 
mn. In this case, the application of the end cover rubbers 4, 14 and 24 is not always required. If such rubbers are 
applied, it is desirable to apply a rubber having the same rubber composition as the coating rubber for the narrow- 
width cord layer in view of the productivity instead of the aforementioned end cover rubbers 4, 14 and 24. 
30 In the tires comprising the cross cord layers 3-2 and 3-3 in common with Figs. 1 -11 , it is desirable that a belt under- 

cushion rubber 9 is arranged between the carcass 1 and the end portion of the cord layer 3-1 in the belt 3 located 
nearest to the carcass 1 . In this case, it is favorable that a 1 00% modulus Mq of the rubber 9 is within a range of 0.3-0.7 
times the 1 00% modulus Mx" of a coating rubber for the cord layer 3-1 . Moreover, a mutual relation of 1 00% modulus 
in coating rubbers for the cord layers 3-1 to 3-3 constituting the belt 3 may be Mx"=Mx'=Mx or Mx^=Mx , =Mx. 
35 Further, it is favorable to use steel cords or organic fiber cords such as aramide fiber cords or the like as a cord in 

the narrow-width cord layer. In this case, it is desirable that the cords C 3 are arranged at unequal distances as a section 
perpendicular to a direction of arranging the cords is shown in Fig. 12. 

It is well-known that the growing rate of crack liable to be created at the end portion of the narrow-width cord layer 
3-3 in the cross cord layers 3-2 and 3-3 is depended by two kinds of shearing strains produced through deformation 
40 at ground contact. Among these strains, a first strain is a shearing strain y st acting between the cord and the coating 
rubber along the direction of arranging the cords at a "pecking - stage created at the cord end. As a result, the crack 
grows in the coating rubber surrounding the cord along the direction of arranging the cords. 

A second strain is an interlaminar shearing strain y 23 acting between the end portion of the narrow-width cord 
layer 3-3 and the cord layer 3-2 in the vicinity of the end C3 E of the cord C 3 . The interlaminar shearing strain y 23 mainly 
45 grows the crack along the cord to cause interlaminar separation and then controls the growing rate of the interlaminar 
separation. The behaviors of these shearing strains y^ and y 23 are illustrated in Fig. 13(a) and (b). Fig. 13(a) is a 
perspective view schematically showing only cords C^, C 3 taken out from the end portions of the cross cord layers 3-2 
and 3-3, while Fig. 1 3(b) is a plan view of cords C 2 and C 3 . 

As shown in Fig. 13(b), the shearing strain y ^ is depended by in-plane shearing strain LC of rubber located close 
so to the end of the cord layer 3-3. In order to control the crack growth and prevent the occurrence of separation failure, 
therefore, it is necessary to simultaneously reduce the interlaminar shearing strain y 23 and the in-plane shearing strain 
LC. Now, the reduction of both shearing strains y ^ and LC will be described below. 

At first, there are mentioned the following conclusions: 

ss (1) If the 100% modulus M4 of the end cover rubber 4 is set so as to be larger than 100% modulus. Mx 1 of the 

coating rubber for the cord layer 3-3, the shearing strain LC tends to decrease^and the interlaminar shearing strain 
y 23 tends to increase; ~ " / " , ( 1 

(2) If the 100% modulus M5 of the space cushion rubber 5 at least located outward from the end of the cord layer 
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3-3 is set so as to be smaller than the 100% modulus Mx' of the coating rubber for the cord layer 3-3, both the 
shearing strain LC and interlaminar shearing strain y 23 tend to decrease; 

(3) If the 100% modulus M6u of the outer rubber 6u is set so as to be smaller than the 100% modulus Mx' of the 
coating rubber for the cord layer 3-3, the shearing strain LC decreases without increasing or decreasing the inter- 

s laminar shearing strain y 23 ; 

(4) If the 100% modulus M7 of the projected space rubber 7 is set so as to be larger than the 100% modulus Mx 1 
of the coating rubber for the cord layer 3-3, the shearing strain LC decreases without increasing or decreasing the 
interlaminar shearing strain y 23 \ 

(5) If the 100% modulus M 8 of the side space rubber 8 is set so as to be smaller than the 100% modulus Mx of 
io the coating rubber for the cross cord layers 3-2 and 3-3, the shearing strain LC tends to decrease and the inter- 
laminar shearing strain y 23 tends so as not to increase; 

(6) If the 1 00% modulus M 9 of the belt under-cushion rubber 9 is within a range of 0.3-0.7 times the 1 00% modulus 
Mx" of the coating rubber for the cord layer 3-1 , both the shearing strain LC and the interlaminar shearing strain 
y 23 tend to decrease. 

15 

The above items (1 )-(6) develop the effect individually, but the increase tendency of the interlaminar shearing strain 
y 2 3 in the item (1 ) is undesirable, so that it is required to combine the item (1 ) with the item (2). In such a combination, 
if the 100% modulus M 4 is not less than 1 .2 x Mx' and the 100% modulus M 5 is not more than 0.95 x Mx\ it is possible 
to control the increase tendency of the interlaminar shearing strain 723 and more control the shearing strain LC. 

20 Further, the combination of the items (1 ) and (2) contributes to not only the decrease of the shearing strain LC but 

also the effective control of the interlaminar shearing strain y 23 if the 100% moduli M 4 , M 5 and Mx and the gauge G 4E 
of the end cover rubber 4 and the gauge G 5E of the space cushion rubber 5 are adequately set so as to establish a 
relationship of M 5 ^Mx - (M 4 - Mx) x ^e'Gse)- 

As to the decrease of the in-plane shearing strain LC in the above items (1 )-(6), the followings are mainly "supple- 

25 mented. 

In the items (1 ) and (4), the effect of controlling the in-plane deformation of rubber located close to the end of the 
cord layer 3-3 is obtained by covering the end portion of the cord layer 3-3 with a high-modulus rubber or by covering 
the end portion from the outside in the radial direction with such a rubber, while as to the strain of rubber between th 
cord layers 3-2 and 3-3 in the item (2), the shearing strain LC and interlaminar shearing strain y 23 are decreased by 

30 setting the 1 00% modulus M 5 of the space cushion rubber 5 to a smaller value. Particularly, the item (3) develops the 
effect of absorbing strain through displacement of step portion of the cord layer 3-2 (step-difference portion to the cord 
layer 3-3) because the 100% modulus M6u of the outer rubber 6u is lower than the 100% modulus Mx 1 of the coating 
rubber for the cord layer 3-3. In the item (5), considering the distribution of the shearing strain LC of rubber located 
close to the end of the cord layer 3-3, the 100% modulus M 8 of the side space rubber 8 is small, so that the shearing 

35 strain LC concentrates in the side space rubber 8 and hence there is developed the effect of mitigating the shearing 
strain LC of rubber located close to the end of the cord layer 3-3. 

In the item (6), the 100% modulus M 9 of the belt under-cushion rubber 9 is large, so that the rigidity between the 
carcass 1 and the cord layer 3-1 increases and hence the tension-bearing of the cross cord layers 3-2 and 3-3 is 
decreased by such an increment of the rigidity and the relative displacement of each cord layer in the circumferential 

40 direction under loading is reduced to decrease both the shearing strain LC and the interlaminar shearing strain y^, 
while energy loss through the shearing strain between the carcass 1 and the cord layer 3-1 increases, which can not 
be ignored because the volume of the belt under-cushion rubber 9 occupied is large. This is in a direction opposite to 
a recent demand of more reducing fuel consumption, so that it is favorable that the 1005 modulus M9 is within a range 
of 0.3-0.7 times the 100% modulus Mx" as shown in Fig. 14 in order to take a balance between strain and low luel 

45 consumption (low rolling resistance). 

In Fig. 14, an abscissa is a value of modulus ratio Mg/Mx", and a left ordinate is a value (index) of crack length Kl, 
and a right ordinate is a value (index) of rolling resistance R.R. As seen from Fig. 1 4, the crack length KL and the rolling 
resistance R.R are a conflicting relation. 

As to the shearing strain y 23 , there will mainly be described the significance on the division of the space cushion 

50 rubber 6 deeply participating in the shearing strain y 23 into the outer rubber 6u and the inner rubber 6i below. 

When the end cover rubber 4 is applied at a larger value of 1 00% modulus M 4 , even if the interlaminar separation 
is created, the shearing strain y 23 in the end cover rubber 4 is smaller than the shearing strain y 23 in the coating rubber 
for the cord layer 3-3, 60 that the interlaminar separation does never arrive at the space cushion rubber 5. 

However, if it is required to reduc th number of constitutional members, or if it is difficult to use an end cover 

ss rubber 4 having a higher modulus in view of the productivity, there is adopted the space cushion rubber 5. Even if the 
1 00% modulus M 5 of the space cushion rubber 5 is a small value, the shearing strain y 23 " in the space .cushion rubber 
5 becomes larger while the shearing strain y 23 created in the end portion ofthe cord layer 3-3 is reduced. Asa result, 
there is not particularly caused a serious trouble while the crack at "pecking" stage progresses in the coating rubber 
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along the cord, but once such a crack grows to the int rlathinar separation, this separation rapidly grows in the spac 
cushion rubber 5 to cause trouble. Therefore, when the end cover rubber 4 having a large 100% modulus fv^ is not 
used, it is necessary to take the following countermeasure after the occurrence of the interlaminar separation. 

As a favorable countermeasure, the space cushion rubber 6 is divided into the outer rubber 6u and the inner rubber 

5 6i so that the 100% moduli of these rubbers satisfy the relationship of M6u<M6isMx', whereby th 100% modulus of 
that portion of the space cushion rubber 6 (inner rubber 6i) arriving in the interlaminar separation is not too lowered 
and the 100% modulus of the outer rubber 6u is made smaller than that of the inner rubber to decrease the in-plane 
shearing strain LC and the shearing strain y 2 3 

The control and reduction of the shearing strain y 2 s itself will be described below. 

10 Referring to Fig. 15 showing a group of the cords C 3 as a developed view similar to Fig. 3, cracks K created in the 

vicinity of each end C 3E of the cords C 3 through the action of the shearing strain y st frequently grow to a series of 
cracks K as the running of the tire proceeds. In this case, the position of the cracks K connecting between the mutual 
adjoining cords C 3 tends to substantially match with a course of arriving a normal line HL drawn from an obtuse corner 
of the end C 3E of the cord C 3 in the another adjoining cord C 3 even if the above position locates close to the outside 

is of the tire. 

A distance w m between the straight line EL and a straight line WL (on a developed view) connecting ends of the 
connected course of the cracks K between the mutual adjoining cords C 3 is a minimum width w of the end cover rubber 
4, so that when the width w of the end cover rubber 4 is set to not less than (50 mn/N) x sin 6, the growing region of 
the crack K brought by the shearing strain y st is rendered into a reducing region of the shearing strain 7 sl , whereby 

20 the growth of the crack K can be controlled. 

When the wave is formed on at least one side of the end cover rubber 24 in the radial direction (see Fig. 6)(both 
sides in the illustrated embodiment), or when the end cover rubber 24 is fallen down between the cords C 3 so as to 
render the height H between bottom and peak of the wavy surface into a range of 0.05-0.25 mn, preferably 0.07-0.20 
mm, the effect of reducing the shearing strain y st can effectively be developed. 

25 Further, the coating rubber Rc for the cords C 3 arranged in the narrow-width cord layer 3-3 is extend to an end 

3-3e over the cord end C 3E so as to render a distance y between the cord end C 3E and the end 3-3e into a range of 
0.05-0.70 mm, desirably 0. 1 0-0.50 mm (see Fig. 11 ) and the outer portion of the cord at its end C 3E in the radial direction 
is covered with the coating rubber Rc having a relatively small value of 100% modulus, whereby the shearing strain 
Y st 030 be reduced and hence it is possible to simply and effectively control the crack K under a high productivity. 

30 Finally, there is a relatively rare case that projection input is applied to the belt 3 of the tire running on bad road. 

In this case, the crack created at the end C 3E of the cord C 3 in the narrow-width cord layer 3-3 shows a peculiar 
tendency of going away from the end C3E rather than along the direction of arranging the cords C$ t which is entirely 
different from the aforementioned occurrence and growth of the cracks. 

The application of the end cover rubber 4 having the 100% modulus M4 larger than 100% modulus Mx of the 

3S coating rubber Rc for the narrow-width cord layer 3-3 is disadvantageous to such a peculiar tendency. In this case, 
therefore, the double end cover rubber 1 4 is used in such a manner that the 1 00% modulus M, 4i of the inner end cover 
rubber 1 4i is made smaller than the 1 00% modulus of the outer end cover rubber 14o, whereby the rubber having 
a large 1 00% modulus promoting the growth of cracks such as the end cover rubber 4 is separated away from the end 
C 3E of the cord C 3 to control the occurrence of cracks and at the same time delay the growing rate of cracks and hence 

40 the occurrence of separation failure can be controlled. 

In addition to the aforementioned effects, the distance between the cords C 3 embedded in the narrow-width cord 
layer 3-3 is made inequal as a whole, which contributes to reduce the shearing strain 7^, in-plane shearing strain LC 
and interlaminar shearing strain y 23 and serves to delay a time of connecting cracks K (running time). 

The following examples are given in illustration of the invention and are not intended as limitations thereof. 

45 There are provided radial ply tires for truck and bus having a tire size of 10.00R20 and a structure as shown in 

Figs. 1 -1 2, in which the carcass 1 is a single rubberized steel cord ply of radial arrangement, and the belt 3 is comprised 
of four rubberized layers each containing steel cords of 3x0.20-f6x0.36 structure. In the belt 3, a first cord layer 3-1 
has a width of 160 mm, a second cord layer 3-2 has a width of 185 mm, and a third cord layer 3-3 has a width of 160 
mm, and a fourth cord layer 3-4 has a width of 80 mm, while a cord inclination angle of each cord layer with respect 

so to the equatorial plane E of the tire is R52°, R18°, L18° and L18° in the order of the first to fourth layers (R means 
upward to the right, and L means upward to the left). Therefore, the cross cord layers are the second and third cord 
layers. 

And also, the invention is applicable to the third and fourth cord layers in a case that the cord inclining directions 
of the first to fourth cord layers in the belt 3 are R, R, L and R in this order to form cross cord layers between the second 
ss and third cord layers and between the third and fourth cord layers and the widths of the cord layer is made narrower 
from the second cord layer to th fourth cord layer in ord r. Moreover, the cord inclining directions R, L may be r placed 
with each other. 

The above tires having the common structure are divided into eight groups of from Group 1 to Group 8. The 
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dimension and test results every group are shown in the "respective Table. Moreov r, a belt under-cushion rubber 9 
having 100% modulus M9 of 23 kgf/cm 2 is applied to Examples, Comparative examples and Conventional Example 
in each group, respectively. 

In Group 1, there are manufactured tires of Examples 1-12 according to Figs. 1-3 and Example 13 according to 
Fig. 1 2 together with tires of Comparative Examples 1 -7 and the conventional tire. In the tire of Example 1 3, the cords 
of the cord layer 3-3 are divided into many bundles each containing three cords and the mutual bundles are separated 
apart from each other. 

In all of the examples, comparative examples and conventional example, rubber having the same rubber compo- 
sition and 100% modulus Mx is used as a coating rubber for the cord layers 3-1 to 3-4 constituting the belt. In each 
tire, the end count N per 50 mm of the narrow-width cord layer 3-3 is 24 cords and the inclina-tion angle 6 between 
the normal line HL of the cord C 3 and the straight line EL (see Fig. 3) is 72°, so that the value of (50 mn/N) x sin e is 
1,98. The values of 100% moduli, modulus ration, gauges G 4E and G 5E , w and Mx - (M 4 - Mx) x (G 4E /G 5E ) in these 
examples are shown in Tables 1 -3. 
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In Group 2, tires of Examples 14-16 are produced according to Fig. 4 based on the tire of Example 5 together with 
tires of Comparative Examples 8-12 and the conventional tire. In these tires, the end cover rubber 4 is arranged so as 
to cover the surface of the end portion at the one side (inside in the radial direction) of the narrow-width cord layer 
facing to the space cushion rubber 5 and extend over the end portion outside the tire, and a rubber having the same 
rubber composition is used as the rubbers 4 and 5 and the coating rubber for the cord layers 3-1 to 3-4 in the belt. The 
values of 100% moduli M 4 , M 5 and Mx are shown in Table 4. 
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In Group 3, tires of Examples 1 7-20 are produced according to Fig. 5 based on the tire of Example 4 together with 
tires of Comparative Examples 1 3-1 7 and the conventional tire. The values of 1 00% modulus Mx of the coating rubber 
for the cord layers in the belt, 1 00% modulus M 14i of inner end cover rubber 1 4i 1 00% modulus M 14o of outer end cover 
rubber 14o in the double end cover rubber 14 are shown in Table 5. 
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In Group 4, tires of Examples 21-23 provided with the wavy end cover rubber 24 for the narrow-width cord layer 
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3-3 are produced according to Fig. 6 based on Example 5 together with tires of Comparative Exampl s 1 8, 1 9 provided 
with the wavy end cover rubber having a height H between bottom and peak of wavy surface different from those of 
the examples. The height H (mn) of the wavy form in these tires is shown in Table 6. 

s Table 6 



Items 


Examples 


Comparative Examples 


21 


22 


23 


18 


19 


Height of wave form H (mm) 


0.07 


0.15 


0.20 


0.0 


0.3 


Test results 


Trouble form 


about pecking 


about pecking 


about pecking 


about pecking 


about pecking 


Crack length 
(index) 


92 


85 


89 


100 


96 



In Group 5, tires of Examples 24-27 provided with the double cushion rubber 6 comprised of inner rubber 6i and 
outer rubber 6u are produced according to Fig. 7 based on the tire of Example 5 removing the end cover rubber together 
with tires of Comparative Examples 20-24 and the conventional tire. The values of 100% moduli M^, M 6u and Mx' of 
the inner rubber 6i, outer rubber 6u and coating rubber for the cord layer 3-3 are shown in Table 7. 



2S 



30 



35 



40 



45 
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In Group 6, tires of Examples 28-31 provided with a projected spac rubber 7 are produced according to Fig. 8 
based on the tire of Example 5 together with a tire of Comparative Example 25 and the conventional tire. The values 
of 100% moduli M 7 , M 4 , M 5 and Mx' of the space rubber 7, end cover rubber 4, space cushion rubber 5 and coating 
rubber for the cord layer 3-3 are shown in Table 8. 



Table 8 



10 



is 



Items 


Examples 


Comparative 
Example 


Conventional 
Example 


28 


29 


30 


31 


do 


100% 
modulus 
(kgf/cm 2 ) 


M 7 


80 


100 


120 


120 


40 


60 


M 4 


60 


60 


60 


80 


60 


60 


M 5 


60 


60 


60 


56 


60 


60 


Mx' 


60 


60 


60 


60 


60 


60 


Test 
results 


trouble 
form 


about 
pecking 


about 
pecking 


about 
pecking 


about 
pecking 


partial 
separation on 
circumference 


partial 
separation on 
circumference 


crack 
length: 
(index) 


94 


92 


90 


74 


103 


100 



In Group 7, tires of Examples 32-35 provided with the side space rubber 8 are produced according to Fig. 9 based 
on the tire of Example 5 together with a tire of Comparative Example 26 and the conventional tire. The values of 1 00% 
moduli M 8> M4, M 5 and Mx of the space rubber 8, end cover rubber 4, space cushion rubber 5 and coating rubber for 
the cross cord layers 3-2, 3-3 are shown in Table 9. 



Table 9 



Items 


Examples 


Comparative 
Example 


Conventional 
Example 


32 


33 


34 


35 


26 


100% 
modulus 
(kgf/cm 2 ) 


M 8 


54 


45 


36 


45 


70 


60 


M 4 


60 


60 


60 


80 


60 


60 


Ms 


60 


60 


60 


56 


60 


60 


M x 


60 


60 


60 


60 


60 


60 


Test 
results 


trouble 
form 


about 
pecking 


about 
pecking 


about 
pecking 


about 
pecking 


partial 
separation on 
circumference 


partial 
separation on 
circumference 


crack 
length: 
(index) 


94 


92 


90 


76 


104 


100 



In Group 8, tires of Examples 36-38 applying a wide-width coating rubber Rc to the narrow-width cord layer 3-3 
are produced according to Fig. 11 based on the tire of Example 5 together with tires of Comparative Examples 27, 28. 
so The distance y (mm) between the cord end C3E in the narrow-width cord layer 3-3 and the end 3-3e of the coating 
rubber Rc is shown in Table 10. 



Table 10 



ss 



Items 


Examples 


Comparative Examples 


36 


37 


38 


27 


28 


* Distance y (mm) 


0.1 


0.3 


0.5 


0.0 


1.0 
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Table 10 (continued) 



Items 


Examples 


Comparative Examples 






36 


37 


38 


27 


28 


Test results 


trouble form 


about pecking 


about pecking 


about pecking 


about pecking 


about pecking 




crack length: 
(index) 


85 


72 


73 


100 


95 



10 



15 



20 



25 



30 



35 



40 



45 



Each tire in Examples 1-16 and 21-38, Comparative Examples 1-12 and 18-28 and Conventional Examples of 
Groups 1 , 2 and 4-8 other than Group 3 is pushed on a drum of a testing machine under conditions of internal pressure: 
7.00 kgf/cm 2 and load: 2600 kgf and run at a speed of 60 km/h over a distance of 100,000 km and thereafter taken 
out from the testing machine. Then, the tire is cut to measure a crack length most grown among cracks created at the 
end portion of the belt 3. Such a crack is created in the end portion of the third cord layer in all tires. The crack length 
is an average of values measured on 30 positions at substantially an equal interval in the circumference of the tire and 
represented by an index on the basis that the conventional example or comparative example is 100. The smaller the 
index value, the better the property of controlling the occurrence of cracks. The test results are also shown in Tables 
1-4 and 6-10 as a trouble form and a crack length (index). 

In the term "Trouble form", the separation means interlaminar separation between the narrow-width cord layer 3-3 
and the cord layer 3-2, and the wording "partially separation on circumference or partial separation" means that the 
separation is partially created along the circumference, and the wording "about pecking" means that the trouble at the 
end of the narrow-width cord layer is controlled to a pecking degree. 

Each tire in Examples 17-20, Comparative Examples 13-17 and the conventional example in Group 3 is pushed 
on a drum of a testing machine provided on its circumference with 6 semi-spherical projections having a radius of 30 
mm so as to strike each projection onto the end portion of the narrow-width cord layer 3-3 under conditions of internal 
pressure: 7.00 kgf/cm 2 and load: 2600 kgf and then run at a speed of 60 km/h over a distance of 100,000 km. The 
evaluation is carried out in the same manner as described above to obtain test results as shown in Table 5. In this 
case, however, the trouble form is expressed as a crack growing form for including the growing direction of the crack, 
in which the wording "outward from C^" means a state of growing the crack slantly from the cord end C 3E toward the 
outside of the tire without growing along the cord C 3 . This test of riding over the projection is high in the reliability as 
an alternative test for running on bad road. 

As seen from tables 1-10, the tires of Examples 1 -38 do not show the occurrence of partial separation and largely 
decrease the crack length, so that they are considerably superior to the tires of the comparative examples and con- 
v ntional examples in the resistance to crack growth and the separation resistance. This is true to prove that the first 
to seventh aspects of the invention are considerably effective to control the growth of cracks individually or in combi- 
nation thereof. 

As mentioned above, according to the invention, the occurrence and growth of cracks liable to be created at the 
end portions of the cross cord layers are advantageously controlled by rationalizing distribution of 1 00% moduli between 
coating rubbers for the cross cord layers in the belt and rubber neighborhood to the end portion of these layers or 
further by arranging a new rubber member on the end portions of the cross cord layers and slightly widening the width 
of the coating rubber for the narrow-width cord layer without causing any inconvenience in the structure of the belt 
itself, whereby it is possible to largely improve the separation resistance of the belt. As a result, the invention can 
provide heavy duty pneumatic radial tires capable of not only assuring a long service life in a new product but also 
sufficiently coping with repetitive recapping. 
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Claims 

1 . A pneumatic radial tire comprising a radial carcass (1 ) toroidally extending between a pair of bead cores embedded 
in a pair of bead portions, a tread portion (2), and a belt (3) superimposed about an outer periphery of the carcass 
to reinforce the tread portion and comprised of at least three rubberized cord layers (3-1 , 3-2, 3-3), cords of two 
adjacent layers (3-2, 3-3) among said layers being crossed with each other at an acute cord angle with respect to 
an equatorial plane (E) of the tire to form cross cord layers, in which an outer cord layer (3-3) of the cross cord 
layers in a radial direction of the tire has a width narrower than that of an inner cord layer (3-2), and said narrow- 
width cord layer (3-3) is provid d at its end portion with an end cover rubber (4) covering the end portion and 
having a 100% modulus larger than that of a coating rubber for the narrow-width cord layer (3-3), and a space 
cushion rubber (5) having a 1 00% modulus smaller than that of a coating rubber for each of the cross cord layers 
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is disposed between the end portions of the cross cord layers (3-2, 3-3) so as to separate said end portions from 
each other exceeding the thickness (t) of the end cov r rubber. 

A tire as claimed in claim 1 , characterized in that said end cover rubber (4) has a 100% modulus larger by at least 
1 .2 times than that of the coating rubber for the narrow width cord layer (3-3), and said space cushion rubber (5) 
has a 1 00% modulus smaller by at least 0.95 times than that of the coating rubberforthe cross cord layers (3-2, 3-3). 

A tire as claimed in claim 1 or 2, characterized in that the 100% modulus (M 5 ) of the space cushion rubber (5) 
satisfies a relationship of M 5 ^M X - (M 4 - M X )X(G 4E /G 5E ) with respect to 1 00% modulus (M 4 ) of the end cover rubber 
(4), 100% modulus (M x ) of the coating rubber for the cross cord layers (3-2, 3-3), gauge (G 4E ) of the end cover 
rubber (4) at the inside of the end of the narrow-width cord layer (3-3) in the radial direction of the tire, and gauge 
(G 5E ) of the space cushion rubber (5) existing on a vertical line (VL) drawn from an inner end of the narrow-width 
cord layer (3-3) in the radial direction of the tire to the inner cord layer (3-2) of the cross cord layers. 

A tire as claimed in any of claims 1 to 3, characterized in that a width w (mm) of the end cover rubber (4) at least 
located at the inside thereof in the radial direction of the tire satisfies a relationship of w^(50 mm/N) x sin 6 with 
respect to an inclination angle 6 defined between a normal line (HL) drawn from a corner of any cord end in the 
narrow-width cord layer (3-3) at its developed plan view to a centre axis line (X3) of a cord adjacent thereto and a 
straight line (EL) passing through cord ends of said layer, and with respect to an end count N of the narrow-width 
cord layer (3-3) per 50 mm as measured in a direction perpendicular to the cords of said layer, and in that an inn r 
end of the end cover rubber (4) having the width w in the widthwise direction of the belt is located in a region of 
arranging the space cushion rubber (5). 

A tire as claimed in any of claims 1 to 4, characterized in that the end cover rubber (4) covers the surface of the 
end portion of the narrow-width cord layer (3-3) facing the space cushion rubber (5) and extends over said end 
portion toward the outside of the tire. 

A pneumatic radial tire comprising a radial carcass (1 ) toroidally extending between a pair of bead cores embedded 
in a pair of bead portions, a tread portion (2), and a belt (3) superimposed about an outer periphery of the carcass 
to reinforce the tread portion and comprised of at least three rubberized cord layers (3-1 , 3-2, 3-3), cords of two 
adjacent layers (3-2, 3-3) among said layers being crossed with each other at an acute cord angle with respect to 
an equatorial plane (E) of the tire to form cross cord layers, in which an outer cord layer (3-3) of the cross cord 
layers in a radial direction of the tire has a width narrower than that of an inner cord layer (3-2), and said narrow- 
width cord layer (3-3) is provided at its end portion with a double end cover rubber (14) covering the end portion 
and comprised of an outer rubber (14o) and an inner rubber (14i) having different compositions, and the outer 
rubber (14o) has a 100% modulus larger than that of the inner rubber (14i), and the inner rubber (14i) has a 100% 
modulus larger than that of a coating rubber for the narrow-width cord layer (3-3). 

A pneumatic radial tire comprising a radial carcass (1 ) toroidally extending between a pair of bead cores embedded 
in a pair of bead portions, a tread portion (2), and a belt (3) superimposed about an outer periphery of the carcass 
to reinforce the tread portion and comprised of at least three rubberized cord layers (3-1, 3-2, 3-3), cords of two 
adjacent layers (3-2, 3-3) among said layers being crossed with each other at an acute cord angle with respect to 
an equatorial plane (E) of the tire to form cross cord layers, in which an outer cord layer (3-3) of the cross cord 
layers in a radial direction of the tire has a width narrower than that of an inner cord layer (3-2), and said narrow- 
width cord layer (3-3) is provided with an end cover rubber (24) covering each of the end portions of said layer, 
and at least one of an outer portion and an inner portion of the end cover rubber (24) in the radial direction of the 
tire forms a wavy form in a direction perpendicular to the cords arranged in the narrow-width cord layer (3-3), and 
a height (H) between a bottom and a peak of the wavy surface is within a range of 0.05 - 0.25mm. 

A pneumatic radial tire comprising a radial carcass (1 ) toroidally extending between a pair of bead cores embedded 
in a pair of bead portions, a tread portion (2), and a belt (3) superimposed about an outer periphery of the carcass 
to reinforce the tread portion and comprised of at least three rubberized cord layers (3-1, 3-2, 3-3), cords of two 
adjacent layers (3-2, 3-3) among said layers being crossed with each other at an acute cord angle with respect to 
an quatorial plane (E) of the tire to form cross cord layers, in which an outer cord layer (3-3) of the cross cord 
layers in a radial dir ction of the tire has a width narrower than that of an inner cord layer (3-2), and the cross cord 
layers (3-2, 3-3) are provided with a space cushion rubber (6) separating end portions of said layers and extending 
from an end of the narrow-width cord layer (3-3) toward the outside of the tire, and the space cushion rubber (6) 
is a rubber composite comprised of an inner rubber (6i) extending so as to separate the end portions of said layers 
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(3-2, 3-3) from each other and an outer rubber (6u) extending *from the inner rubber (6i) toward the outside of the 
tire and having at least two differ nt rubber compositions, and 1 00% moduli Mx\ M6i and M6u (kgf/cm 2 ) of a coating 
rubber for the narrow-width outer cord layer (3-3), inner rubber (6i) and the outer rubber (6u) have a relationship 
of M6u<M6i^Mx\ 

s 

9. A pneumatic radial tire comprising a radial carcass (1 ) toroidally extending between a pair of bead cores embedded 
in a pair of bead portions, a tread portion (2), and a belt (3) superimposed about an outer periphery of the carcass 
to reinforce the tread portion and comprised of at least three rubberized cord layers (3-1 , 3-2, 3-3), cords of two 
adjacent layers (3-2, 3-3) among said layers being crossed with each other at an acute cord angle with respect to 

io an equatorial plane (E) of the tire to form cross cord layers, in which an outer cord layer (3-3) of the cross cord 

layers in a radial direction of the tire has a width narrower than that of an inner cord layer (3-2), and said narrow- 
width cord layer (3-3) is provided with a space rubber (7) covering an outer peripheral surface side of an end 
portion of said layer and projecting outward from the end of said layer in the widthwise direction thereof, and an 
inner peripheral surface of the projected space rubber (7) is located outward from an extrapolated extending surface 

*s (Ep) of the outer peripheral surface of the narrow-width cord layer (3-3) in the radial direction of the tire, and the 

space rubber (7) has a 100% modulus larger than that of a coating rubber for the narrow-width cord layer (3-3). 

10. A pneumatic radial tire comprising a radial carcass (1 ) toroidally extending between a pair of bead cores embedded 
in a pair of bead portions, a tread portion (2), and a belt (3) superimposed about an outer periphery of the carcass 

20 to reinforce the tread portion and comprised of at least three rubberized cord layers (3-1 , 3-2, 3-3), cords of two 

adjacent layers (3-2, 3-3) among said layers being crossed with each other at an acute cord angle with respect to 
an equatorial plane (E) of the tire to form cross cord layers, in which the cross cord layers (3-2, 3-3) are provided 
with a side space rubber (8) extending between ends of said layers located at the same side, and the side space 
rubber (8) has a 100% modulus smaller than that of a coating rubber for the cross cord layers (3-2, 3-3). 

25 

11. A pneumatic radial tire comprising a radial carcass (1 ) toroidally extending between a pair of bead cores embedded 
in a pair of bead portions, a tread portion (2), and a belt (3) superimposed about an outer periphery of the carcass 
to reinforce the tread portion and comprised of at least three rubberized cord layers (3-1 , 3-2, 3-3), cords of two 
adjacent layers (3-2, 3-3) among said layers being crossed with each other at an acute cord angle with respect to 

30 an equatorial plane (E) of the tire to form cross cord layers, in which an outer cord layer (3-3) of the cross cord 

layers in a radial direction of the tire has a width narrower than that of an inner cord layer (3-2), and at least a 
coating rubber for said narrow-width cord layer (3-3) among the cord layers constituting the belt extends over an 
end of the cord in said layer toward the outside of the tire, and a distance from the end of the cord to an outer end 
of the coating rubber is within a range of 0.05-0.70 mm. 

35 

12. A tire as claimed in any of claims 1 to 1 1 , characterized in that a belt under-cushion rubber (9) is disposed between 
the carcass (1 ) and an end portion of the cord layer (3-1 ) located adjacent the carcass and has a 100% modulus 
corresponding to 0.3-0.7 times the 100% modulus of a coating rubber for said cord layer (3-1 ). 

40 1 3. A tire as claimed in any of claims 1 to 1 2, characterized in that either organic fibre cord or steel cord is used in the 
narrow-width cord layer (3-3) among the cross cord layers (3-2, 3-3) and the distance between the cords in a given 
end count is unequal. 
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FIG. 2 
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FIG. 3 
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FIG. 6 
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FIG. 12 
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FIG. I 3a 
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FIG. 14 
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